INTRODUCTION
Despite the availability of effective preventive therapies, cardiovascular disease remains a leading cause of morbidity and mortality. In addition to elevated lipoproteins and various coagulation factors, inflammatory mechanisms play a crucial role in the pathogenesis of atherosclerosis. 1, 2 Moreover, allergic disorders such as allergic rhinitis or asthma have also been reported to be associated with atherosclerosis. 3 The coronary artery calcification (CAC) score has recently been developed as a marker of coronary atherosclerosis, which can be assessed noninvasively using multislice CT (MSCT). CAC is an established quantitative, objective measure of coronary artery atherosclerosis, and several studies have revealed a correlation between CAC and angiographic stenosis. 4, 5 Moreover, CAC scores have been shown to be related to coronary heart disease (CHD) risk factors and cardiovascular events. 6, 7 In this study, we examined the relationship between eosinophil count in peripheral blood and CAC score determined by MSCT.
METHODS

Subjects and study design
We performed a cross-sectional study in 1363 consecutive participants with clinical suspicion of CHD, who visited the Department of Cardiology, Yamashiro Public Hospital (Kyoto, Japan) from April 2006 to December 2009. Contraindications to participation in this study were known hemodynamic instability, previous coronary artery bypass surgery or percutaneous coronary intervention and possible pregnancy. Participants were also excluded when they were taking any medications that are known to affect allergic reaction (for example, corticosteroid, antiallergy agents).
All participants provided details of their demographics, medical history and medication usage at the time of CAC screening. Body mass index was calculated as weight in kg divided by height in m 2 . Smoking was defined as current tobacco usage. Hypertension was defined as systolic blood pressure X140 mm Hg, diastolic blood pressure X90 mm Hg and/or having received treatment for hypertension. Dyslipidemia was defined as a total cholesterol concentration X5.7 mmol l À1 , a triglyceride concentration X1.7 mmol l À1 and/ or having received treatment for dyslipidemia. Diabetes mellitus (DM) was defined as fasting plasma glucose X7.0 mmol l À1 and/or a current history of antidiabetic medication. The study protocol was approved by the local investigational review board committee, and conformed to the ethical guidelines of the 1975 Declaration of Helsinki as reflected in a priori approval by the institution¢s human research committee. Signed informed consent was obtained from all subjects.
Laboratory data
In the morning, after an overnight fast, 10 ml of venous blood was collected for the measurement of the levels of creatinine, high-sensitivity C-reactive protein (hs-CRP), total cholesterol, triglyceride and fasting plasma glucose. Estimated glomerular filtration rate (eGFR) was used to estimate kidney function using the abbreviated Modification of Diet in Renal Disease equation, which includes variables for age, sex, race and serum creatinine. 8 Peripheral leukocyte analyses included total leukocyte counts and percentages of eosinophils using an automated cell counter. The absolute count of eosinophil was calculated as the product of its percentage and total leukocyte count.
Measurement of CAC score
We performed MSCT (Aquillion 64, Toshiba Medical, Tokyo, Japan). Calcification scoring parameters were 2 mm collimation width, a gantry rotation speed of 0.4 s/rotation, 120 kV and 100 mA. During a single breath hold, images of the heart, from the level of the tracheal bifurcation to below the base of the heart, were acquired using prospective ECG triggering at 50% of the RR interval. Total CAC scores were determined on a workstation (ZIO Station, ZIO Soft, Inc., Tokyo, Japan) with software for CAC according to the Agatston method as previously described. 9 CAC was defined on CT images as the presence of more than two contiguous pixels with greater than 130 Hounsfield units. The Agatston calcium score was obtained by multiplying the area by a weighting factor that depends on the peak signal anywhere in the lesion.
MSCT Image Reconstruction
A bolus of 50 ml contrast agent (Iomeron 350, Eizai Co., Tokyo, Japan) was injected intravenously at a rate of 4.0 ml s À1 . As soon as the signal density level in the ascending aorta reached a predefined threshold of 100 Hounsfield units, acquisition of the CT data and the ECG trace were started. The volume data set for coronary artery imaging was acquired in spiral mode, with a collimation of 64Â0.5 mm, a gantry rotation of 400 ms, helical pitch of 3.2, tube energy of 120 kV and an effective tube current of 400 mA. The subject's ECG was digitized and monitored continuously during image acquisition. The raw data from the scans were reconstructed using a segment algorithm in all subjects. The reconstructed image data from the MSCT angiography were transferred to a computer workstation for post processing. Two experienced observers who were blinded to the subject's identity and clinical presentation analyzed MSCT images. Arterial stenosis that produced more than 50% luminal narrowing was considered significant.
Statistical analysis
The statistical analyses were performed using the JMP version 8.0. software (SAS Institute Inc., Cary, NC, USA). A P value o 0.05 was considered statistically significant. Skewed variables were preliminarily log-transformed to improve the approximation to a Gaussian distribution and CAC scores were log-transformed after adding 1. Continuous variables are presented as the mean value ± 1 s.d. and categorical variables are presented as number (percentage). Unpaired Student's t-tests were conducted to assess statistical significance of differences between groups. Continuous variables were compared among the groups by analysis of variance. A Tukey-Kramer post-hoc analysis was performed to determine significant differences among each group. The relationships between log(CAC+1) and eosinophil count or other variables were examined by Pearson's correlation analyses. To examine the effects of various factors on log(CAC+1), the following factors were considered simultaneously as independent variables for multivariate linear regression analysis: age, sex, body mass index, smoking status, hypertension, dyslipidemia, DM, hs-CRP, eGFR, total leukocyte count and eosinophil count. As the optimal cut-off point for eosinophil count in predicting CAC 40, CAC 4100, CAC 4400 or CAC 41000, we chose the point on the receiver operating characteristic (ROC) curve, which represented the largest sum of sensitivity and specificity. The ability to identify CAC 40, CAC 4100, CAC 4400 or CAC 41000 correctly by eosinophil count was measured as area under the ROC curve, sensitivity and specificity. Table 1 shows selected characteristics of all participants (772 male, 591 female, aged 68. 0 ± 11.0 years, range 23-96 years). Mean CAC and eosinophil count were 346.2 and 155.2 (10 6 per l), respectively. The correlation coefficients of the CAC scores for intraobserver reproducibility and interobserver reproducibility were observer1: 0.958 (Po0.0001), observer2: 0.941 (Po0.0001) and 0.947 (Po0.0001), respectively. Sex (Po0.0001), smoking status (P¼0.0459) and significant stenosis (P¼0.0034) were associated with eosinophil count, respectively ( Table 2 ). Sex (P¼0.0004), hypertension (P¼0.0002), dyslipidemia (P¼0.0004 ), DM (P¼0.0061) and significant stenosis (Po0.0001) were associated with log(CAC+1), respectively. The eosinophil count quartiles were significantly associated with log (CAC+1) (Po0.0001), and the highest eosinophil count quartile (208.1-1180.0) had higher log (CAC+1) compared with the lowest (0-62.9)(Po0.0001) and second (63.0-120.5)(P¼0.0001) eosinophil count quartiles. Positive correlations were found between log(CAC+1), and age (r¼0.325, Po0.0001) and eosinophil count (r¼0.165, Po0.0001) ( Table 3) . Negative correlations were found between log(CAC+1) and eGFR (r¼À0.166, Po0.0001). No correlations were found between log(CAC+1) and body mass index, hs-CRP Table 3) . Area under the ROC curve for eosinophil count predicting CAC 40, CAC 4100, CAC 4400 or CAC 41000 are presented in Figure 1 . Furthermore, the optimal cut-off points, sensitivity and specificity according to the ROC curve for CAC 40, CAC 4100, CAC 4400 or CAC 41000 are also shown in Figure 1 .
RESULTS
DISCUSSION
Our study demonstrated that eosinophil count correlated positively with CAC. Multivariate linear regression analysis also identified eosinophil count as an independent determinant of log(CAC+1). Previous epidemiologic and clinical studies have suggested increased eosinophil count as a risk factor for coronary artery disease. [10] [11] [12] In addition, Erdogan et al. 13 reported a significant increase in the number of eosinophils in peripheral blood in patients with unstable angina pectoris compared with that in control subjects. However, to our knowledge this is the first report to investigate the relationship between eosinophil count and CAC, which suggests new avenues for research into the pathogenesis of CAC. The pathogenesis of atherosclerosis is not well understood and remains a subject of debate. To explain the relationship between eosinophil count and CAC, several mechanisms can be suggested. Eosinophils are engaged in inflammatory reactions and are subjected to a process of cellular activation. 14 Eosinophils synthesize and release bioactive mediators such as leukotriene C4, a potent stimulant of vasoactivity and smooth muscle contraction. Besides the direct activities of these eosinophil-derived mediators, eosinophils can Abbreviations: CAC, coronary artery calcification; eGFR, estimated glomerular filtration rate; hs-CRP, high-sensitivity C-reactive protein. Eosinophil count and coronary calcification M Tanaka et al induce the release of a number of vasoactive substances, including histamine, prostaglandin D2, and leukotrienes C4 and D4, from mast cells and basophils. Hallgren R 15 suggested that the raised levels of eosinophil cationic protein in serum of patients with acute myocardial infarction are probably because of the active participation of eosinophils in the inflammatory process. In addition, major basic protein or eosinophil cationic protein, which is an eosinophil granule protein, activates platelets and promotes thrombus formation by inhibiting the function of thrombomodulin in hypereosinophic syndrome or allergic disease. 16, 17 Rohrbach et al. 18 reported that major basic protein and eosinophilic peroxidase activate platelets. Emanuele et al. 19 suggested that increased eotaxin levels, an eosinophil-specific chemoattractant, are associated with the presence of coronary artery disease and that circulating levels of this chemokine may reflect the extent of coronary atherosclerosis. Besides, Niccoli et al. 20 reported the association between eosinophil cationic protein levels, a sensitive marker of eosinophil activation, with plaque growth but not with plaque instability. Eosinophil cationic protein upregulates ICAM-1 expression on endothelial cells 21 , allowing adhesion of monocytes on endothelium, which is known to be a fundamental step in atherogenesis. In addition, Tintut et al. 22 reported that monocytes enhance osteoblastic differentiation of calcifying vascular cells and enhance in vitro vascular calcification. Taking these findings together, it seems plausible that eosinophils correlate endothelial inflammation and atherosclerosis. With improved understanding of the critical role of inflammation in atherothrombosis 23 , attention has been focused on the inflammatory biomarker hs-CRP as a risk marker. Numerous epidemiologic studies have demonstrated an association of hs-CRP levels with increased risk of myocardial infarction, stroke, sudden cardiovascular death and peripheral vascular disease. 24 However, our study did not indicate hs-CRP as an independent determinant of log(CAC+1).
The clinical relevance relates to potential preventive and therapeutic approaches, whereas the diagnostic relevance concerns the diagnostic utility of eosinophil count, as a provisional new marker of CAC, that can be measured easily in the clinical laboratory and applied in medical practice. In addition, our data suggest a possible link between allergic disease, as manifested by elevated eosinophil count, and CAC. The interesting concept of a role for eosinophils in CAC holds great promise for the development of new preventive measures involving antiallergy agents. Large prospective trials are needed to better assess the effects of allergic disorders on CAC.
Study Limitations
Limitations of our study include a cross-sectional design, which does not permit determination of causality. To our knowledge, this is the first study to investigate the association between eosinophil count and CAC. Although we are unable to determine whether eosinophil has a causative effect, these findings suggest that eosinophilia might be associated with an increased risk for the development and progression of CAC. Besides, in this study, participants were fairly homogenous in the sense that they were highly motivated to assess their CHD risk and had symptoms or clinical signs of CHD at the time of the examination.
CONCLUSIONS
Eosinophil count correlated positively with CAC in participants with clinical suspicion of CHD. In other words, our data might present evidence for a possible link between allergic disease, as manifested by elevated eosinophil count, and CAC.
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